A Mg2+ + Na+ + K+-stimulated adenosine triphosphatase (ATPase) preparation was isolated from rat ventral prostate by flotation of microsomal membranes in high-density sucrose solutions. The reaction medium for optimum Na+ + K+-stimulated ATPase activity was found to be: Na+, 115mM; K+, 7-10mM; Mg2+, 3mM; ATP, 3mm; tris buffer, pH7.4 at 380, 20mM. The average APi (Mg2++Na+ +K+ minus Mg2++Na+) was 9,umoles/mg. of protein/hr., representing a 30% increase over the Mg2+ +Na+-stimulated ATPase activity. At high concentrations, K+ was inhibitory to the enzyme activity. Half-maximal inhibition of Na+ + K+-stimulated ATPase activity was elicited by ouabain at O-lmM. The preparation exhibited phosphatase activity towards ribonucleoside triphosphates other than ATP. However, stimulation of Pi release by Na ++K+ was observed only with ATP as substrate. The apparent Km for ATP for Na++K+-stimulated activity was about 0-3 x 10-8M. Ca2+ inhibited only the Na+ K+-stimulated ATPase activity. Mg2+ could be replaced by Ca2+ but then no Na++K+ stimulation of ATPase activity was noticed. The addition of testosterone or dihydrotestosterone (17fi-hydroxy-5oc-androstan-3-one) in vitro at 0-1-10,&M under a variety of experimental conditions did not significantly increase the Na+ + K+-stimulated ATPase activity. The enzyme preparations from prostates of orchidectomized rats, however, exhibited a drastic decrease in the specific activity of Na+ + K+-stimulated ATPase; these changes were prevented in the orchidectomized rats by injection of testosterone propionate.
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A considerable amount of evidence indicates that Na++K+-stimulated ATPase* systems present in most mammalian tissues, are involved in the transport of Na+ and K+ across cell membranes (see, e.g., Rothstein, 1968;  Albers, 1967; Skou, 1964 Skou, , 1965 Judah & Ahmed, 1964a) .
The nature and hormonal control of Na++K+-stimulated ATPase systems in the rat ventral prostate gland is ofinterest for a number of reasons.
First, in sexually mature rats the gland is composed largely of tall columnar epithelial cells that actively secrete a fluid which contributes extensively to the seminal plasma (Mann, 1964; Price & WilliamsAshman, 1961) . Na++K+-stimulated ATPase activity might play an important role in ion translocations that accompany the secretory functions of ventral prostate epithelial cells. Secondly, the * Abbreviation: ATPase, adenosine triphosphatase. development of the ventral prostate is under the strict control of androgenic hormones, which are required for the maintenance of the adult size and secretory capabilities of the gland throughout the lifetime of the rat. Orchidectomy of adult rats leads to a rapid involution of the prostate involving, among other things, cessation of secretion and a striking loss in the endoplasmic reticulum of the epithelial cells (Price & Williams-Ashman, 1961) . These effects of androgen withdrawal are reversed by administration of androgenic steroids. The question arises whether Na+ + K+-stimulated ATPase systems associated with the prostatic endoplasmic reticulum are affected by androgenic hormones in vivo or in vitro. Farnsworth (1967 Farnsworth ( , 1968 reported that 0-1 pMtestosterone in vitro enhanced the Mg2+ + Na+ + K+-stimulated ATPase activity of rat ventral prostate microsomes. Since Na+ + K+-stimulated ATPase appears to be involved in cation transport across cell membranes, Farnsworth (1967) (Ahmed, 1969) .
MATERIALS AND METHODS
Treatment of animals. Prostatic tissue was obtained from adult male Sprague-Dawley rats (200-300g.) maintained on a standard laboratory diet.
Orchidectomy was performed via the scrotal route under ether anaesthesia. Testosterone propionate (1 mg.) was administered subcutaneously in sesame oil (0.2 ml.); the control animals received the same volume of oil. The tissues from each group of rats (castrated animals, castrated animals treated with testosterone and normal animals) were pooled before homogenization, and the microsomal membrane preparations were isolated from each group simultaneously.
Chemical&. Baker Analyzed reagents (J. T. Baker Chemical Co., Phillipsburg, N.J., U.S.A.) were used. Solutions were prepared in double-distilled ion-free water and were checked by flame photometry or atomic absorption spectroscopy for cross contamination of ions. If necessary, salts were further purified by recrystallization from ion-free water. EDTA, ATP, UTP, GTP, CTP and ITP were obtained from Sigma Chemical Co., St Louis, Mo., U.S.A. These were neutralized with tris base and passed through Dowex AG-50 cation-exchange resin (tris form; X8; 200-400 mesh) to remove any other cations. Final pH was adjusted to 7-4 with tris base. Tris was obtained from Calbiochem, Los Angeles, Calif., U.S.A. Sucrose and mannitol were Mann Assayed grade (Mann Research Laboratories Inc., New York, N.Y., U.S.A.) . Testosterone, dihydrotestosterone (17,B-hydroxy-5a-androstan-3-one), testosterone propionate, spermine hydrochloride and spermidine hydrochloride were obtained from Sigma Chemical Co.
Preparation of the enzyme 8y8tem. Rats were killed by decapitation and the two lobes of ventral prostate were removed after any adhering fat and connective tissue had been carefully trimmed off. About 2-3g. of prostate tissue (from six rats) was placed in a beaker kept on crushed ice and was minced with a fine scissors. To this, a medium consisting of 0-25M-mannitol-20mM-tris-3mM-EDTA, pH7 4, was added so that the final homogenate would be about 10% (w/v). The homogenate was prepared in a Duall homogenizer with a Teflon pestle (Kontes Glass Co., Vineland, N.J., U.S.A.). A small amount of tissue was not homogenized by this procedure and was discarded. The microsomal fraction was isolated from this homogenate by the procedure described by Ahmed & Judah (1964) . It was washed once in 20-30ml. of a medium consisting of 0-25M-mannitol-20mM-tris-lmM-EDTA, pH7-4. The microsomal pellet so obtained was used to isolate a membrane fraction as described by Ahmed & Judah (1964) . The microsomal membrane fraction was harvested from the top of the tubes and suspended in 30ml. of 0 25m-mannitol20mM-tris-1 mM-EDTA, pH 7-4. This suspension was centrifuged at 133000gav. for 60min. and the sedimented protein was suspended in a total volume of 2-Oml. of the mannitol-tris-EDTA, pH7-4, medium, described above. The suspension (referred to as microsomal membrane preparation) was stored frozen at -100 in small portions, which were removed and suitably diluted with the same mannitol medium before use. Only once-thawed material was used, as repeated freezing and thawing caused loss of enzyme activity. In a few preliminary experiments the microsomal pellet was used without further processing. All the above preparative procedures were carried out at 40. Rat brain enzyme preparations, when used, were isolated exactly as described by Ahmed & Judah (1964) .
A88ay of ATPa8e activity. The assay ofMg2++Na++K+-stimulated ATPase was performed at 380 and the reaction mixture, in a final volume of 2-0ml., consisted of MgCl2 (3mM), ATP (tris salt, 3mM), tris-HCl buffer, pH7-4 at 380 (20mM), NaCl (115mM), KCI (80mm) and 30-60,ug. of prostatic microsomal membrane preparation suspended in 0-2 ml. of the mannitol-tris-EDTA medium described above. The reaction was generally started by the addition of protein. When effects of drugs were to be studied, the enzyme preparation was preincubated with the drug for 1-2min. in the above reaction medium, and a suitable mixture of MgCl2 and ATP was added to initiate the reaction. When testosterone or dihydrotestosterone was added in vitro, they were added as solutions in ethanol in volumes of 0-01-0-02ml. and the controls contained appropriate amounts of ethanol. The 'basic' activity (Mg2++Na+-stimulated ATPase) was determined by omitting KCI from the incubation medium. Any variations from this procedure are indicated in the text. The incubation time was adjusted so that not more than 15% of the total ATP was hydrolysed. The reaction was terminated by adding 2ml. of ice-cold 10% (w/v) trichloroacetic acid.
The contents of the reaction flasks were then centrifuged in a refrigerated centrifuge for 5min. at 5000g and the supernatant was analysed for Pi liberated.
Chemical analy8i8. Pi was determined by the method of Fiske & Subbarow (1925) or that of Berenblum & Chain (1938) . The method of Lowry, Rosebrough, Farr & Randall (1951) was used to determine the protein.
Expression of re8ult8. The results are expressed as ,umoles of Pi liberated/mg. of protein/hr. The Na++K+-stimulated ATPase activity, APi, refers to the ATPase activity in the presence of Mg2+ + Na+ + K+ minus that in the presence of Mg2+ + Na+.
RESULTS
Na+ and K+ requirement of prostatic ATPase. Farnsworth (1967) API refers to ATPase activity in the presence ofMg2++ Na+ +K+ minus that in the presence of Mg2++Na+.
considerably more reproducible than when crude microsomes were employed as a source of the enzyme. Thus in the latter case the activity of the ATPase in the presence of Mg2+ + Na+ was usually considerably higher when compared with Mg2++ choline (choline chloride being substituted for sodium chloride at equimolar concentration) and addition of K+ to the Mg2+ +Na+ system in these cases often produced no further increase in ATPase activity. A possible explanation for these findings is that enough K+ was bound to the crude microsomes, so that the presence of Na+ caused some activation of the ATPase activity. Aldridge (1962) has commented on this problem in working with brain microsomes. When prostate microsomal membrane preparation was used, ATPase activity in the presence of Mg2++Na+ was generally the same as that in the presence of Mg2+ + choline and addition of K+ to the Mg2+ + Na+ system invariably resulted in further increase in ATPase activity. The specific activity of the Na+ + K+-stimulated ATPase activity of prostatic microsomal membrane preparation was some 50% higher than with crude microsomes. No attempt was made to localize the enzyme system quantitatively in subfractions of prostate homogenates. However, a greater part of the activity of the homogenate sedimented in the so-called nuclear fraction (residue 5min. at 1085g). This could be due to the presence of unbroken cells and cell membranes adhering to nuclei and debris. The activity recovered in the present preparation represents about 5-10% of that in the total homogenate. As observed with other tissues (see, e.g., Skou, 1965) , it was also found that the activity ratio Mg2+ + Na+ + K+/Mg2+ + Na+ could be increased considerably by using 0.1% deoxycholate in the homogenizing medium, with further loss of total yield of the enzyme activity (K. Ahmed, unpublished Na+ was fixed Na+, only the hydrolysis of ATP was stimulated n was varied, by the presence of both Na+ and K+. Thus, in a when K+ was typical experiment, the phosphatase activities with ATP as substrate were 10-3 and 14 3,umoles of Pi ird conditions formed/mg. of protein/hr. in the presence of n as described Mg2+ + Na+ and Mg2+ + Na+ + K+ respectively. the Na+ + K+-The phosphatase activity values for GTP, UTP, sar for 1 hr. or CTP and ITP as substrates (each at 3mM concenie amount of tration) were respectively 12-8, 14*3, 10-7 and reaction mix-14 3umnoles of Pi formed/mg. of protein/hr. in the )ase from ATP presence of Mg2+ + Na+ or Mg2+ + Na+ + K+. The that no more apparent Km for ATP (derived from Fig. 3) for the rolysed during Na+ + K+-stimulated ATPase activity was about 0-3 x 10-3M. Maximal rates of Pi liberation were ,e preparation observed in the presence of 3mM-ATP and 3mi -various ribo-Mg2+. nce of Mg2++
Effect of ouabain. The Na+ + K+-stimulated ATPase ofprostatic microsomal membrane preparation was inhibited by ouabain, which produced a 50% inhibition at a concentration of about OlmM without any effect on the Mg2++Na+-stimulated ATPase. The nature of ouabain interaction with the prostatic preparation appeared to be similar to that in preparations from erythrocytes (Dunham & Glynn, 1961) , liver (Judah & Ahmed, 1964b ) and brain (Ahmed & Judah, 1965; Ahmed, Judah & Scholefield, 1966) Experiments were repeated with ventral prostate microsomes from the rat in exactly the same test system as described by Farnsworth (1968) .
For these experiments rat ventral prostate microsomes were isolated and suspended in the test media described by Farnsworth (1968) . Under these conditions all of the ATP in the reaction was hydrolysed. To ensure that no more than 15% of the total ATP was hydrolysed, the protein contents in each test system were adjusted to 24,ug./ 0-5ml. of suspension while keeping the reaction time after addition of ATP-tris mixture at 4min. Under these conditions a small Na+ + K+ stimulation of ATPase activity in controls was observed, as reported by Farnsworth (1968) . The mean values for Mg2++ Na++K+-stimulated and Mg2+-stimulated samples without testosterone were 188-7+3-1 and 182-4+0-7,umoles of Pi/mg. of protein/hr. With testosterone present, they were 188-5 + 2-5 and 180 + 3-5 respectively. The ratios of Pi formed in the presence and the absence of Na+ + K+ were calculated for the testosterone and control experiments; the average difference of these paired values (with and without testosterone) was 0-015 + 0-021 (s.E.M.) (P < 0-5). This difference is clearly not significant.
Effect of 8permine and 8permidine on ATPa8e. Spermine and spermidine are present in large amounts in ventral prostate (Rhodes & WilliamsAshman, 1964) . One of the physiological actions of these polyamines appears to be their ability to stabilize various cellular and subcellular particles (Tabor & Tabor, 1964; Jellink & Perry, 1967) . deMeis (1968) reported that spermine and spermidine (at concentrations of 0-5-2mM) activated Ca2+ uptake by muscle microsomes. It was also reported that spermine (4m ) inhibited heart muscle microsomal ATPase by 50%. We therefore studied the effect of spermine and spermidine on Na++K+-stimulated ATPase of the present preparation. Spermine inhibited the Na+ + K+-stimulated ATPase by some 15% at a concentration of 1m n, whereas spermidine at the same concentration had no significant effect.
Effect of Ca2+ on ATPa8e. Na+ + K+-stimulated ATPase systems are inhibited by Ca2+ (Skou, 1964; Epstein & Whittam, 1966) . At 0-1mm-Ca2+ the Na++K+-stimulated ATPase of the present preparation was inhibited by about 50% whereas 1mm-Ca2+ completely abolished the Na+ + K+-stimulated activity. At these or higher Ca2+ concentrations no effect, or only a small effect, was observed on the Mg2++Na+-stimulated portion of the activity (Table 2) . When Ca2+ was substituted in place of Mg2+, this enzyme preparation exhibited a high ATPase activity, the effect of Ca2+ being maximal at 2m . These results are somewhat different from those obtained with rat brain enzyme system, where a marked inhibition of Mg2+ + Na+-stimulated ATPase activity was observed in the Table 2 . Effect of Ca2+ and Mg2+ on micro8omal membrane ATPa8e of rat prostate and brain Mg2+ or Ca2+ or both were present in the concentrations indicated. The reaction media were otherwise as described in the Materials and Methods section. The reaction was initiated by the addition of the enzyme system. In experiment (b) the conditions used for study of the brain enzyme were the same as for the prostate system. Vol. 113 833 Table 3 . Effect of castration and testosterone treatment on cation-stimulated ATPase activities of rat ventral prostatic microsomal membrane preparations Castrated rats received subcutaneous injections of 0-20ml. of sesame oil for 5 days after orchidectomy; the testosterone-treated castrated rats each received 1 mg. of testosterone propionate, dissolved in 0-2 ml. of sesame oil, daily for the same period. At the end of 5 days the rats were killed and the prostates from each group were pooled for isolation of the microsomal membrane preparations. In three different experiments the wet weights of prostate tissue from 23 castrated animals, 12 testosterone-treated castrated animals and 12 normal control animals were 4-3, 7-1 and 4-5g. respectively. The yields of the microsomal membrane protein in the same order were 8-8, 15-1 and 10-8mg. Mg2++Na+ and Mg2++Na++K+ incubation media were the same as described in the Materials and Methods section. In Mg2++K+ incubation medium, 58mM-KCl was present. The ATPase assays on the three types of preparations were performed within 3 days after isolation of the enzyme systems. Values for ATPase activity in each series of experiments represent the means of at least four determinations. The variations were less than + 4%. The APi values in parentheses show the ranges observed in three different experiments.
ATPase activity (,umoles formed/mg. of protein/i 3-2 (1-2-6-1) 6-0 (5-2-7-1) 8-7 (6-2-11-8) presence of mm-Ca2+, and when Ca2+ was substituted for Mg2+ the ATPase activity was greatly decreased. However, with the enzyme systems from both prostate and brain, no Na+ + K+-stimulated activities were demonstrable when Mg2+ was replaced by Ca+.
Effects of testosterone on prostatic ATPase in vivo. Since testosterone in vitro appeared to have no effect on the cation-stimulated ATPase of rat ventral prostate, it was decided to test whether the enzyme system was influenced by androgen deprival or administration in vivo. The effect of castration and injection of testosterone to castrated rats on the wet weight of ventral prostates and yield of microsomal membrane protein is described in the legend to Table 3 . Orchidectomy resulted in drastic decrease in the size of the ventral prostate, whereas injections of testosterone to castrated animals produced an increase in prostate weight. The yield of microsomal membrane protein was correspondingly affected.
In preliminary experiments on the enzyme preparations from castrated rats, a two-to threefold increase in Mg2+ + Na+-stimulated ATPase activity was observed compared with normal or testosterone-treated rats. It is well known (Price & Williams-Ashman, 1961 ) that after orchidectomy there is a gradual increase in the relative proportion of fibromuscular cells in the rat ventral prostate concomitantly with involution of the epithelium. It is therefore possible that the large increase in Mg2+ + Na+-stimulated ATPase activity was derived from a contractile (myosin-type) ATPase originating from the fibromuscular cells of the prostates of castrated rats. A true estimate of the Na+ + K+-stimulated ATPase activity obtained by subtracting Mg2+ + Na+ activity from the Mg2+ + Na++K+ activity in this case would not necessarily be a correct estimate of the Na+ + K+-stimulated ATPase portion of the prostatic epithelium of castrated animals, since it has been reported that myosin ATPase is activated by K+ more than by Na+ (Kielley, Kalckar & Bradley, 1956 (0-0-6) 6-1 (5-8-6-6 7.7 (6-0-9-8) 1969 834 Table 4 . Ouabain-sen8itive Na+ + K+-stimulated ATPase of prostatic microsomal membrane preparations isolated from castrated rats with and without testosterone treatment Details of castration and testosterone treatment were as described in o-9 (0.4-1.4) 7-0 (5-8-8 . 2) 9-3 (7-5-111) stimulated ATPase, was used in these experiments. Table 4 shows that the ouabain-sensitive portion ofthe Mg2+ + Na+ + K+-stimulated ATPase activity of the enzyme preparation from castrated rats was decreased by at least 90% when compared with the values for normal or testosterone-treated castrated rats. Addition of testosterone in vitro to the test system with enzyme preparation from castrated rats produced no changes in these ATPase activities.
DISCUSSION
The above experiments indicate that a Mg2++
Na+ + K+-stimulated ATPase is associated with rat ventral-prostate microsomal membranes. This prostatic enzyme system has certain properties in common with Na+ + K+-stimulated ATPase systems previously described in other mammalian tissues, e.g. a requirement for Na+ and K+ in definite proportions, inhibition of the Na+ + K+-stimulated component by high concentration of K+, inhibition by ouabain in vitro (and reversal of ouabain inhibition by high K+ concentrations) and specificity for ATP as substrate. The preparations derived from rat ventral prostate microsomes behave rather differently towards ribonucleoside triphosphates, other than ATP, from comparable brain Na+ + K+-stimulated ATPase systems. In the latter case the hydrolysis of GTP, UTP, CTP and ITP in the presence of Mg2+ + Na+ or Mg2+ + Na+ + K+ was the same and proceeded at a rate less than 5 % of that found with ATP (K. Ahmed, unpublished work). The prostatic preparation described here, on the other hand, vigorously hydrolysed GTP, UTP, ITP and CTP. It is possible, however, that this is due to contamination of the prostatic preparation by quite different enzyme(s) from the Na+ + K+-stimulated ATPase.
The Na+ + K+-stimulated ATPase activities of both the brain and prostatic preparations are inhibited by low concentrations of Ca2+. However, at higher concentrations of Ca2+, the Mg2+ + Na+-stimulated component of the brain ATPase system is strongly inhibited, whereas the Mg2+ + Na+-stimulated ATPase component of the prostatic enzyme is not significantly affected. When Ca2+ is substituted for Mg2+ in the reaction, the Ca2++ Na+-stimulated ATPase activity of brain preparation is only about one-third of that observed in the presence of Mg2+ + Na+. In the prostatic preparation, there is, in fact, a greater Ca2+ + Na+-stimulated ATPase activity compared with that in the presence of Mg2+ + Na+. However, the increased activity due to the presence of K+ is seen only when Mg2+ + Na+ are present. Schwartz, Laseter & Kraintz (1963) have observed similar effects of Ca2+ on the enzyme system isolated from dog parotid gland.
Ouabain is known to inhibit the Na+ + K+-stimulated ATPase activities of all the tissues that have been investigated so far (Schatzmann, 1953 ; see also, e.g. Skou, 1964; Rothstein, 1968) . The concentrations of ouabain required to produce half-maximal inhibition of Na+ + K+-stimulated ATPase activities vary according to the tissue and a wide range of tissue sensitivity has been reported. It is noteworthy that the concentrations of ouabain required for 50% inhibition of the dog parotid gland enzyme system (Schwartz et al. 1963) are of the same order of magnitude as those required for the rat ventral prostate preparations (i.e. 0.1 mM).
Our experiments show that within 5 days after castration of adult rats there is a considerable increase in the hydrolysis of ATP by prostatic microsomal membrane preparations incubated in the presence of Mg2+, and either K+ or Na+ alone.
However, androgen deprival results in a virtual
Vol. 113 835 836 K. AHMED AND H. G. WILLIAMS-ASHMAN 1969 obliteration of the extra liberation of Pi due to addition of both Na+ and K+. The Na+ + K+-stimulated hydrolysis of ATP is restored by injection of testosterone into the castrated rats. In marked contrast with the reports of Farnsworth (1967 Farnsworth ( , 1968 , we were unable to demonstrate any effect of testosterone (or dihydrotestosterone) in vitro on the Mg2+-dependent hydrolysis of ATP in the presence of Na+ or Na+ + K+ by a number of different prostatic microsomes or microsomal membrane preparations under a variety of experimental conditions, including the use of test systems with the same composition as those used in Farnsworth's (1967 Farnsworth's ( , 1968 experiments. This suggests that the profound effects of testosterone in vivo on the microsomal Na+ + K+-stimulated ATPase of rat ventral prostate that we observed may reflect changes in the biosynthesis of this enzyme system, which may decline rapidly after orchidectomy with the loss of the endoplasmic reticulum membranes from the epithelial cells. It is noteworthy that after castration there is a gradual increase in the relative proportion of fibromuscular cells in rat ventral prostate (Price & Williams-Ashman, 1961) . Moreover, it is well known that actomyosin from smooth-muscle cells exhibits vigorous ATPase activity (Needham & Calkwell, 1956 ). Thus it is conceivable that the enhanced Mg2+-dependent ATP hydrolysis of the prostatic preparations in the presence of Na+ or K+ that occurs after orchidectomy may be due to actomyosin or other enzymically active proteins derived from fibromuscular cells.
The findings presented in this paper do not lend support to Farnsworth's (1968) hypothesis that a primary site of direct action of androgens on the prostate is the Na+ + K+-stimulated ATPase system associated with the endoplasmic reticulum of this organ. Moreover, our experiments make it unlikely that the transient decrease in the total ATP concentration in rat ventral prostate that occurs within an hour or so after injection of free testosterone into castrated rats (Ritter, 1966;  Coffey, Ichinose, Shimazaki & Williams-Ashman, 1968) can be ascribed to any direct activation of microsomal ATPase systems. Nevertheless it is clear that ATP hydrolysis by prostate microsomes is profoundly influenced by androgens in vivo, and prostatic cation-activated ATPase systems certainly merit much further investigation, considering the present lack of understanding of secretory mechanisms in male accessory reproductive glands (Mann, 1964; .
